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Abstract

course times.

PdG.

Background: Backcountry skiing has become more and more popular. The development of skis and equipment has been impressive and
suggests that achieving a good performance level is much easier today than it was in the past. Taking the most popular backcountry skiing race in
Switzerland, the Patrouille des Glaciers (PdG), we addressed the question as whether Material and environmental conditions determine average

Methods: The average course times for the original course Zermatt - Arolla - Verbier were analyzed concerning effects of material and
environmental conditions such as weather, wind, temperature from 2004 to 2014. Multiple linear regression taking material and environmental
conditions into account were calculated in order to decipher effects of material and environmental conditions on average course times.

Results: High coefficient of determinations especially in top patrols (R2 around 0.25) were detected with the calculated models allowing
associating material improvements and good environmental effects as having high relevance on course times

Discussion: Based on the calculations in combination with the assumptions an improvement of material is likely to suggest having relevance
for course times. Furthermore, an effect of environmental conditions such as temperature, snow, wind and sun are very likely to have in addition
relevance on course times. Probably the improved material can explain quite well, that nowadays also recreational alpinists can secure absolve

Keywords: PdG; Zermatt-Arolla-Verbier; Equipment; Environmental Conditions

Introduction

Back country skiing gained increased attraction probably
also as a consequence of the improved material allowing also the
broad mass to absolve nice ski tours [1,2]. In Switzerland with the
current climatic conditions around half a year from November
to April backcountry tours can be made [3,4]. In this study the
most popular ski-mountaineering race of Switzerland (PdG) is
addressed. The race of PdG is till nowadays unchanged and starts
in Zermatt to Téte Blanche 3650 Meter, to Col du Bertol and
Arolla to Rosablanche and Verbier [5]. In patrols constituting of 3
alpinists a length of 53 km, 3994 meters ascents and 4090 Meter
descents are absolved. Organizations had to act for satisfying
the increased demand to participate at PdG. From the 2006 race
two start fields (Thursday/Friday and Saturday/Sunday) were
necessary to at least somehow satisfy the constantly increased
demand to participate [5]. Undoubtedly, general conditions
such as weather, temperature and wind have an influence on
physical capacity to absolve a ski-mountaineering race [6-12].
Besides general weather conditions especially snow conditions

are to mention [13]. Snow conditions have a direct influence on
the friction of skis and therefore the necessary physical work
that must be performed to move forward [13]. Due to friction
water films are generated which are responsible for the deep
friction of skis on snow, whereby interestingly friction seems
to become smaller when gliding several times over the same
snow [13-21]. Furthermore, the wind conditions are to mention
which when strong enough letting temperatures around zero to
be felt as minus twenty degree [3,4]. Undoubtedly, temperatures
have an influence on several aspects of metabolism such as
kidney to cardiovascular system [22-25]. Besides the shire
necessity to carry warm clothes limiting movements further
adverse effects are to mention. Deep temperatures can yield
to bronchoconstriction limiting pulmonary capacity [10]. The
lower oxygen partial pressure yields to a lower saturation of
oxygen [25]. Furthermore, sun and fog are to mention having an
effect on viewing: under sunny conditions it is highly easier to
ski down compared to foggy conditions.
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Besides the environmental condition’s material is to
mention potentially affecting successful participation. The
originally several kilo heavy wooden skis were replaced by
light wood-carbon skis or wood-polymer combinations [5].
Furthermore, skis were getting shorter and smaller and are with
binding only around 2kg per pair and therefore one third of what
normal backcountry skis used to be 30 years ago [5]. Especially
in the binding area an enormous development took place
whereby especially Dynafit in combination with its special shoe
construction yielded to a reduction of weight down to some 100
grams [5]. Furthermore, a development to light highly functional
shoes only around 100 gram heavy allowing despite the lightness
to absolve difficult downhills without difficulties allowed to
improve security and fastness. The above mentioned illustrate
the impressive development in material over the last years
yielding to the effect that even recreational alpinists can absolve
large challenges such as PdG. This yields to the aim of the study.
Is there a relationship between the average course times and the
material and environmental conditions at PdG. As Hypothesis
with potential falsification it shall be stated that there is no
effect on course time of Material and environmental conditions
on average course times at the biggest ski-mountaineering event
of the West-Alps PdG [26].

Material & Methods

Participants

Participants of PdG from the original race from Zermatt -
Arolla - Verbier were analyzed. PdG takes place every second
year, however in 2012 environmental conditions (especially
avalanche danger) races were not started. Furthermore, the
second start field in 2006 was canceled. In consequence, average
course times for the years of 2004, 2006 (only the first race),
2008, 2010, 2014 were analyzed.

Procedures & Statistical Analysis

To analyze average course times participants were separated
in top patrols - the first ten places - and median patrols (the
median patrols - the ten patrols of the middle of the result list).
For the median patrols the following procedure was chosen
to identify relevant patrols : median value of start list (when
number was uneven the upper place was used - over median)
the four places before (over-) Median, the median, and the
four places behind the median and in addition the average
of the time of the place five places before respectively behind
of (over-) median of course time from result list was taken as
calculation base. Furthermore, in order to analyze effects of
material and conditions (wind, temperature, snow) multiple
linear regression models with calculation of coefficient of
determination were calculated. Material variable (M) as well
as environmental variable (WTS) were modulated in order to
receive models of high validity. Material variable was calculated
as linear as well as exponential decrease over the years. In
principle, linear decreasing trends were modulated in order
to approximate the improved material yielding to decreasing

physiological requirements when absolving PdG. The decreasing
process was modulated as follows: M (t) = Mt-1* a, whereby a
as approximation for the decreasing physiological requirements
due to improved material was dependent on model assumption
(a=3,6,9,12,15,18,21 or 24) percent respectively.

Weather conditions the so called WTS Variable (weather,
temperature, snow) was approximated in the following way:
either conditions were taxed as good or conditions were taxed
as bad. When conditions were taxed bad the value of one was
attributed indicating that high physical requirements were
necessary for successful absolving. When conditions were taxed
as good a lower value indicating that physical requirements are
only e.g. 80 percent compared to hard conditions a lower value
of 0.8 was attributed to the WST variable in the model. Values
of WST were ranging from 0.76 < WTS < 1. Considerations if a
discount was attributed for the respective year were as follows:
In 2004 general conditions were very good and it was a flat high
pressure situation since the middle of April [27]. Only little rain
in the beginning of the race, during the day very good view,
yielding to a new best time of 6:31,42. The value of the WTS
Variable was therefore discounted and between 0.76 < WTS <
0.97. In 2006 were in general very good conditions with good
snow and weather conditions resulting in a new best time. The
April days were warmer than usual, especially the days before
the race from 20-26. April [27]. In men a new best time of 6
hours 18 minutes and 48 seconds resulted. The value of the WTS
Variable was therefore discounted and between 0.76 < WTS <
0.97.

In 2008 some signs existed that as a consequence of strong
wind and snowfall the race could not be started. Temperature
was lower than usual in April [27]. Low pressure areas were
present over the alps and only from 26. to 27. April a high
pressure situation was present, and weather was dry [27]. In
men no new best time resulted and the fastest patrol was in 6
hours 24 minutes and 32 sec fast. The value of the WTS Variable
was therefore one. In 2010 under very good conditions a new
best time of 5 h 52 minutes resulted, whereby the excellent
conditions were also due to sunny weather during the whole
month [27]. The general weather conditions were very good in
the second half of April [27] Pinpointing the spring conditions
slower patrols were due to increased avalanche danger stopped
and evacuated [28]. The value of the WTS Variable was therefore
below one between 0.76 < WTS < 0.97. In 2012 the race was
due to miserable weather conditions not started and analysis
in consequence were not possible. In 2014 the April was very
sunny in whole Switzerland and to warm compared to previous
years [27]. Due to not always optimal conditions no new best
time resulted. The value of the WTS Variable was therefore
below one between 0.76 < WTS < 0.97. Based on the above in a
second step multiple multivariate regressions were conducted in
the following way course timei = mi + wsti + e for the top patrols
as well as for the median patrols. Analysis was conducted with
Microsoft Excel.
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Results

Table 1a & 1b: Coefficients, p-values and coefficient of determinations for the different calculated multilinear regression analysis for top patrols.

Decrease percen
Material () /WST

0.97

0.8

0.94

0.8

0.91

0.8

0.88

0.8

0.85 0.8

0.82 0.8

0.79

0.8

0.76

0.8

0.73

0.8

coefficent M
(p-value)

13.6

0.004

7.163

0.003

5.037

0.003

3.983

0.003

3.357

0.003

2.944 | 0.003

2.653

0.003

2.438

0.003

2.385

0.004

coefficent WST
(p-value)

6.1

0.001

6.117

0.001

6.126

0.001

6.132

0.001

6.135

0.001

6.135 | 0.001

6.131

0.001

6.123

0.001

6.053

0.001

Coefficent of
determi-nation
R2

0.2272

0.2284

0.2294

0.2303

0.2309

0.2312

0.2313

0.231

0.2263

Decrease percen
Material () /WST

0.97

0.97

0.94

0.94

0.91

0.91

0.88

0.88

0.85

0.82

0.79

coefficent M
(p-value)

8.4

0.004

7.163

0.003

5.037

0.003

3.983

0.003

3.357 0.003

2.944 | 0.003

2.653

0.003

2.438

0.003

2.385

0.004

coefficent WST
(p-value)

6.1

0.001

20.391

0.001

13.613

0.001

10.22

0.001

8.181 0.001

6.817 | 0.001

5.839

0.001

5.102

0.001

4.484

0.001

Coefficent of
determination R2

0.228

0.2284

0.2294

0.2303

0.2309

0.2312

0.2313

0.231

0.2263

Below are the results for the two basic models calculated
Table 1a show the top patrols with always a WST value of 0.8 for
good conditions respectively 1 for bad conditions. The columns
show different effects of material e.g. 0.97 per execution as
approximation for the reduced physical effort necessary due
to improvement of material. Table 1b shows the top patrols
once again but the WST component was decreasing in the same
way as the Material variable. Interestingly. Interestingly, in
top patrols all coefficients estimated in the regression models
achieve significance on an a = 0.05 level indicating a plausible
association between the estimated regression models and course
times allowing to suggest that an improvement of material
is likely plausible to associate. Supporting this Coefficient of
determination are always around 0.22 and 0.23 with a peak on
the model WST = 0.82 and MAT = 0.85 (Figure 1). In principle
the same procedures were performed for the Median patrols as
for the top patrols (Table 2a & 2b). Interestingly, the coefficient
of determination was clearly deeper with values around 0.054
and 0.054. Interestingly despite clearly lower coefficient of
determinations, for almost the same model as for top patrol was
detected (Figure 2).
p

~

coefficent of determination (y-Axis) versus
year of race (2014 -2014)

0.232

Figure 1: Coefficient of determinations (y-Axis) for top patrols
when a constant WST value of 0.8 was attributed.

coefficent of determination (y-Axis) versus
year of race (2014 -2014)
0.055
0.055
0.055
0.055
0.054
0.054
0.054
0.054
0.054
0.054
0.054

Figure 2: Coefficient of determinations (y-Axis) for median

patrols when a constant WST value of 0.8 was attributed.

Discussion

The aim of this study was to analyze effects of material
and environmental conditions such as weather, temperature,
wind or snow conditions on average course times for the
largest ski-mountaineering race of the Alps Patrouille des
Glaciers. The initially stated hypothesis that there is no effect
on course time of Material and environmental conditions
seems to be falsifiable [26]. The several multilinear regression
models calculated revealed in some cases high coefficient
of determinations almost up to 0.25. A potential effect of
material and environmental conditions on average course
time can be therefore associated. In order to analyze effects in
detail top patrols and median patrols (average performance
levels) were separately analyzed. Interestingly, the estimated
models have for top patrols in average 0.2 higher coefficients
of determinations (around 0.25 for top patrols versus 0.05 for
median patrols). For both calculated samples it was interestingly
a relatively high modulated effect for material (e.g. « = 0.21 for
top patrols) yielding to the highest coefficient of determination
(Figures 1 & 2). Undoubtedly, material has from an intuitive
side an enormous effect on absolving ski-mountaineering races.
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Making a simple calculation, every additional kg to carry needs
additional energy released by the body. Taking the assumption
of an additional one kg yielding to an additional potential
physical performance derived from the formula Power [P] is
equal to force [F] multiplied by distance [d] (P = Fxd) =1 kg
x 9.81 m/sec2 x 53000 meters = 530’000 Joule respectively
530 k Joule. Taking a biological efficiency factor from physical
energy of one fifth around 2500 kj additional energy consumed
result. This is the energy entailed in an additional standard
chocolate table pinpointing the enormous effect on weight on

physical performance. Furthermore, technical reasons are to
mention. With the new material a better technique on the track
can be performed. It was shown for uphill ski mountaineering
at a steeper gradient economy is improved, which is definitely
easier to perform with the new material especially skis,
shoes and bindings [29,30]. To sum up, the calculated models
allow to suggest that there is an association between material
respectively environmental factors on course times at Patrouille
des Glaciers, whereby analysis in more detail are necessary to
identify casual relationships of these variables.

Table 2a & 2b: Coefficients, p-values and coefficient of determinations for the different calculated multilinear regression analysis for median patrols.

Decrease
percen
Material
() /WST

0.8 0.94 0.8 0.91 0.8 0.88 0.8

0.85

0.8 0.8 0.8 0.8

0.8

coef-
ficent M
(p-value)

0.1034 | 0.9795 | 0.0822 | 0.9691 | 0.0778 | 0.9582 | 0.0777 | 0.9471

0.0795

0.9356 | 0.0824 | 0.9238 | 0.0861 | 0.9117 | 0.0902 | 0.8994 | 0.1042

0.8831

coefficent
WST
(p-value)

2.1973 | 0.1533 | 2.2076 | 0.1514 | 2.2182 | 0.1495 | 2.2291 | 0.1475

2.2404

0.1454 | 2.2519 | 0.1433 | 2.2637 | 0.1411 | 2.2757 | 0.1389 | 2.2909

0.1357

Coefficent
of deter-
mination

RZ

0.0542 0.0542 0.0542 0.0543

0.0543

0.0544 0.0544 0.0545 0.0546

Decrease
percen Material
(o) /WST

0.94 0.94 0.91 0.88 0.88

0.85 0.79 0.76

0.73

coefficent M
(p-value)

0.1 0.082 0.969 0.078 0.958 0.078 0.947

0.936 0.082 0.924 | 0.086 | 0.912 0.899 0.055

1.697

coefficent WST
(p-value)

14.6 0.153 7.359 0.151 4.929 0.149 3.715 0.147

2.987 | 0.145 2.502 0.143 | 2.156 | 0.141 0.139 1.896 0.104

0.883

Coefficent of
determinati-

on R?

0.0542 0.0542 0.0542 0.0543

0.0543 0.0544 0.0544 0.0545

0.1357
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